
AD-RISS 057 THE OPTICAL SPECTRA OF REROSOLS(U) RESSINA MyI (ITALY) 1/2
I 1ST Of STRUTTURA DELLA NATERIA F BOROHESE FEB 85

USI FE RID-4i13-EN DJ3-91-C-6895 FO4I N



K1.

111K2

1111 1.5 11.4 11111.6

MI CROCOPY RESOLUTION TEST CHART

NATIONAL. BURAU OF STANDARDS -963



In
00

Lfl THE OPTICAL SPECTRA OF AEROSOLS

Final Technical Report

by

F. Borghese

February 1985

United States Army

EUROPEAN RESEARCH OFFICE OF THE U.S. ARMY

London England

CONTRACT NUMBER DAJA37-81-C-0895

Contractor: F.Borghese

Approved for Public Release; distribution unlimited

-- DTIC
ELECTE "

JU J2 9U LW
85G



REPORT DOCUMENTATION PAGE FJrFCo .>20-iOP

OiT Njwi~t R 2. GOVT ACCESS1ION NO., 1 PI CiIIT'! .AlA-',, t, W'I S-

4 TITLE (w d S.sel) S TYPE OF REPORT 0 PER4IOD COVERED

'1*Hi OPTICAL SPECTRA OF AEROSOLS Firial Tv-chn i al Rport

S. PERFORMING ORG. REPORT NUMBER

* 7AUTHORW) 8. CONTRACT OR GRANT NUMSER(e)

FERI9INANDO BORGHESE DAJ A37-81 -C-089 5

S. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK '6
AREA & WORK UNIT NUMBERS

SI. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

FEBRUARY 19
13. NUMBER OF PAGES

14 Mi1Nt1 ORIN G AGENCY N AME A ADDRESSIt differe.nt frost Contollig O111ce) IS. SECURITY CLASS fat tis' reporT)

Ill D CLASSFIATINDO WI.GR A 0, G

6 DSRIBUTION STATEMENT (eiht l.RepCNrt)L

*Vk:i1'VEU FOR PUBLIC RELEASE; DISTRIBUTION LJNLIr1ITED

' 7 DISTRIBUTION STATIEMENT (of the abstract entered Iin Stock 20, It different hoe Rprt)

1F S.APLFUENTARY NOTES

'9 KEY WORDS (Ccoqvti- an reverseg side it necesary and Identify by block n~wbsr)

IN POIYI I SP' i:Sl: AEROSOLS

* . A857PACT r~ilha so rees atft Of nmwm ad lifiy by block mwor

- .:.ic'Jpic optical constants of an avro,;ol of model rnonspherical pa:rt1cle-s
* ~ ,,: 3 ~~' ': he effect of chemical reactions on the spectra of the aerosols

.~ ~ into account. The computer programs necessury to perform the above
..- itne CZ1lruUations are listed and an user's guide is supplied.

DD , 1473 EDITION Or INOV GS IS OBSOLETE

SECUIjTY -CLA.SSIFICATIOW OF rHS PAGE 'Whmwr baa FIt..ed)



I ntroduct ion

In this Report we describe the work done by the prin

cipal investigator (Prof. F.Borghese) and his collaborators

(Prof. P.Denti, Prof. G.Toscano and Dr R.Saija) under contract

DAJA37-91-C-0895 from October 1981 to November 1984. The whole

research has been performed in strict collaboration with Dr 0.

I. Sindoni, CRDCF Aberdeen P.G., 21010 Md., USA.

In Part A we connect the work done in the years 1979-

1Q1l under Grant D)AER78-G-106, to the work done in the last

flhrev y'ear-- under the present Contract. The work itself is actu-

a I I described in the papers thus far publi shed or accepeted

for publication. A brief account of the problems met in the cour

sk, Of the work as well as a suggestion of possible solutions and

4sektch of the lines of future progress are also included.

In Part B is described the work done by F.Borghese,

P.Denti and R.Saija during their stay at CRDC from August 18th

to September 23rd, 1984 under Contract Modification P0004. Essen

tial ly the work consists of two modifications of the computer

pr'ograims for the scattering properties of clusters_. The purpose

of these modifications is twofold: on one hand they allow the

treotment of relatively large clusters; on the other hand they

COn~stitute the basis for the calculations of the properties of

sCa)terers in which resonances occur. A description of the pro-

9rdir,! as well as a guide to the input and output quantities is
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PART A

In the years from 1979 to 1981, working under Grant

DAERO78-G-106, we devised a model scatterer suitable to appro

ximate the electromagnetic scattering properties of non-sphe-

rical particles , By inspiring to the well known stick-and-

ball model of a molecule, we approximate a non-spherical par-

ticle as a cluster of spheres. The computation of the scatter

in19 properties of such an object do not require a big effort,
(1)

t+!ank to an addition theorem for vector Helmholtz harmonic-s

formulated by the present authors. As a consequence several

calculations on clusters of various geometries proved the mo-

del to be computationally sound and able to account for the

lack of overall spherical symmetry of some kind of non-spheri-

cal particles. A detailed account of the model as well as the

use of the Group Theory to reduce the si ze of the computations

is contained in the Final Report to Grant DAERO7S-G-106, Octo-
(2-4)br 1Q81, as well as in a number of published papers

In the years from 1981 to 1984, i.e. under the pru-

sent Contract, we were able to take full advantage of the pe-

culiarities of the cluster model in order to connect the scat-

ftrinq properties of individual clusters to the macroscopic op

ticol properties of a dispersion of clusters of random orienta

tiOr • Furthermore, the flexibility of the cluster model al-

low, the calculation of the changes in the macroscopic optical

coristans of an aerosol, when the clusters change their shape

or when more clusters combine together to give scattering ob-

jeCts of different structure. The calculations show that the-

sc, changes of shape produce quite detectable variations in the

.4



absorption coefficient of the dispersion(6

These results have been recently presented at the 1st

K Joint International Conference on Aerosol Research, held in Min_

neapolis, MN, from September 17th to 21st In particular

it has been emphasized the rather striking result that for a

*cluster of given structure and size parameter there exist a wa

velcrnqth at which it behaves as a spherical particle. This con

alusion is confirmed by a number of experimental findings of

r which we were informed during discussions on the subject.

We want to stress that the approach we used to conne

ct the individual to the collective optical properties is ra-

ther elementary as it neglects the effects of multiple scatte-

ring among different clusters. As a consequence, our approach

is applicable only to low-density dispersions such as atmosphe

i haerosols but it is unlikely to give reliable results when

cltplied to dense dispersions such as e.g. smokes. We plan to

overcome these difficulties by investigating the subject along

three lines. First of all we plan to include the statistic of

the particles into our formalism, so as to account, on the ave

rage, for the effect of multiple scattering and thus make the

theory applicabLe to dispersions of relatively high density

Second, we are going to study the size distribution effect, for

it has, been shown that the occurrence of some size di stri bUt i-

on,; can iffect drastical y the macroscopic optical properties

of the diwsersi on.

Th ir'd, we will attempt to adapt our theory to the frarmework of

the effective medium theories in order to calculate the effec-

ivp dielectric constant of the dispersion. hs idea

at the Annual Meeting of Spectroscopy Group of the Gruppo Nazio -



nale di Str'uttura del la Materia held in Alghero, Sardinia,

where the problem of small clusters has been throughty discus

sed.-
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PART B

This part of the present Report is meant to be a use

r 's guide to our programs for the scattering properties of clu

sters. Before we go into the description, however, we want to

explain why we felt necessary to write two further versions of

the programs we used in the past.

Our treatment of the scattering from clusters is ba-

se'd on a multi centered expansions of the scattered f i eld in

tcrVI' of spherical mutt ipoles. For converqence reaso ns, as tux-

plained in the included literature, this expansion must hte car

nied up to a certain order Lwhich, depending on the structu-

re and on the size parameters may be as high as 4 or 5. Now

for a given L Mone has to calculate, and invert, matrices with

cornplex. elements of order d M 2NL M(L M+2), N being the numbcr of

M MM

the spheres in the cluster. Therefore, due to the storage i mi

tatior's on the computer presently available in Messina, and at

CRPC too, it is impossible to handle clusters of more than 5

slrhercs with L M 5. This is the maximum order that can be han

dled by the program PRGL with a core allowance of 4 Mh, tes.

This l imitation has been overcome by rewnitint. the proq.rarr ~i-

thout re'quiring the storag)e of the i nterm-d i atek mat r Ik- ht t

r(wcu ring the storage of two vectors one- for thc ,ptti~! )ir

mnoniecs and another for the Cl Ivsch-Gordari t *f t g. t-ft

version of the program named here PRG2, al 1-~i~t tJ I rt.

latively big clusters at the cost Of MUltijpl, IrI( thte (Pll

bv a factor of 4. A second version of the proir amy, fit.,

PfRG3, do not r'equ ire ei ther the storaq & o f t ir v c t

C-G coefficients, thus allowing us to h andle t'vcri i



,,ter but multiplying the CPU time by a factor of 6 or 7. The

capability of the three programs when a core storage of 4 Mby-

tes is allowed are summarized in Table I.

As can be seen the biggest cluster can be treated only at the

cost of neglecting the interactions of order higher than dipo-

le-dipole. In any case this interaction is just that that is

commonly included in the calculations of other workers. On the

kother hand our programs allows us to get information of value

on the properties of clusters including as much as 70 spheres.

Ftir t heormore these programs allow to treat with great precision

the case in which resonances occur, a case in which the multi-

polar interactions must be included as high to an order as pos

s i b l e.

The formulation and testing of these programs is es-

seritially the work done by F.Borghese, P.Denti and R.Sai , a du-

ring their stay at the CRDC under contract modification P0004.

" ' " ", - " .- - " ." - - - ' - - ": , . . . " " " - , . ° '.- -' - . " _ "- . . - -.



PRG1

This is the original version of our scattering pro-

grams and, as listed1 it can handle a cluster of 3 spheres with

LM= . The maximum capability of PRG1 is a cluster of 5 spheres

with L =4. In this case the dimensions of the various matri-
M

cvs and vectors must be careful ly checked.

INPUT DESCRIPTION

. t 'er to DATASET H2OTESTOO1.

1 (3A4)

I DTA These quntities identify the DATASET. They can be left
IDATA blank if desired.KPATA

A ARP 2 b I ank

, AR 13 ( 412 )

,IWMA - These quantities control the input and output operatio
ns of PRGI. Their exact meaning is explained in the

IWCIPJ comment cards within the programs. Note that if JGO is
put equal to I for all the groups of data the program
runs properly but for that it recomputes matrices who-
se elements have still valid values.

.U 4 (512)

SI 'H Number of the spheres in the cluster.
L Vil 0 LW-1

- LP t' I i ity of the inc i dent wave. UIse +1 for r i .ht he I i -i
t, anid -1 for left he i ci ty.

IEXP This qua nt i ty was ori gina lY introduced to control the.
convergency of the multipolar exponsions.

Set it to 0.
MAXIT Number of iterations. To be used only when the inverse

to the matrix ( 15 ) of ref.( 2 ) is to be calculated
iteratively.

'1

• i



CARD 5 (3E20.8) (NSPH cards)

RXX 1)
RYY(1)I Cartesian coordinates of the centres of the l-th sphe

RZZ(l) re in the cluster.

CARD 6 (4012)

IOG(I) This index specifies the type of the I-th sphere in
the cluster. If IOG(I+1)=lOG(l) the program d6es not
recalculate the T-matrices for the I+1-th sphere
but take them identical to those of the I-th sphere.

,AP 7 (3E20.8)
fz( I) Radi us of the I-th sphere.

k A P (2E20.S)

Rl(l) Complex refractive index of the I-th sphere.

CARD Q (E20.8,2F10.4)

\k Magnitude of the wavevector of the incident wave.
THK} Polar angles (in degrees) of the incident wavevector.

'A to (315)

INVER 0 the T-matrix of' the c 1lustr is inverted i tcr,itiely.
I the T-iatr i s i ,c ik.'ted by LII factur :,it r,.

M0DE 0, 1, 2, 3. Th is par amtt'r provi des the eq i I brat ion
of tht' T-matrix in four different modes. The ,aluL- MC'.DE
-3 has pro\ ed to be thv most suitable for dielectric
CIisters for from resonance.

\PPMST Maximum dimension of the T-matrix. It must bQ identical
to the dimension of the matrix AM.

ARl 11 (2E20. )

I Mixing factor for the iterative inversion of the T-na-
tr ix, The value C -0. 5 ensures good convergence.

TOL Tolerance of the inverted T-matrix. In practice T- -T- 1 (
TOL.
These quantities need be specified only when IN'ER=O



CAR~D 12 (40A4)

NAME Identifies the output. It can include any alphameric
character.
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CARD 13 (2E20.8)

Cl Mixing factor for the iterative inversion of the T-ma-
trix. The value Cl-0.5 ensures good convergences -1

TOL Tolerance of the inverted T-matrix. In practice T'T- ,

TOL.
These quantities need be specified only when INVER=O.

CARD 14

VCUTM The elements of the T-matrix with magnitude smaller
than this parameter are set to zero.

VCUTA The multipolar amplitudes of the scattered wave smaller
thew this value are set to zero.

VCUTN The multipolar amplitudes of the incident plane wave
sma ller than this vaIuC are set to zero.

The three quantities above are usually set to 1.OE-36,

a value that prevents the occurrence of program inter-

rupts due to underflow.

-I.



MAXIT Number of the iterations if the T-matrix is to be
inverted iteratively.

NFAC Maximum value of the factorials to be used in the nor-
mali zation factors.

JCK 3 Dimension of the vector of the Bessel functions.
JCL

CARD 7 (3E20.8) (NSPH card)

RXX(I) • .
RYY(1) ( Cartesian coordinates of the centre of the I-th sphere
RZZ l) in the cluster.

CARD S (4012)

I OGI ) This index specifies the type of the I-th sphere in
the cluster. If IOG(I+1)=IOG(l) the program does not

recalculate the T-matrices for the l+1-th sphere but
assume they are identical to those of the l-th sphere.

CARD 9 (3E20.8)

ROS(I) Radius of the I-th sphere.

CARD 10 (2E20.8) (NSPH card)

CR I (I) Comp I ex refractive index of the l-th sphere.

CARP It (E20.8, 2F10.4)

VK Magnitude of the wavevector of the incident wave

Polar angles (in Degrees) of the incident wavevector.

, PP 12 (315)

I\%'ER 0 the T-matr'ix is invert -d iterativ ely.

1 the T-matr is i nt ', J by L11 factoriz,,t i0f.
MOE 0, 1, 2, 3. This par lmot'er prov ides the equ i 1 i brat ion

of the T-matrix in four dit'f'rent modes. The value
MOD E-3 ha pro\,ed to be the most suitabIe for dielec-
tr i c c I usters far from resonan'ce

NPDMST Maximum dimension of the T-motrix. must be equal to
the dimension of the matrix AM.



PRG2 and PRG3

These programs were written at the CRDC by F.Borghe-

se, P.Denti and R.Saija in order to handle relatively big clu-

sters (see Table 1), even at the cost of increasing the CPU ti

me. PRG3 differs from PRG2 in that it does not require the sto

rage of the Clebsch-Gordan coefficients.

INPUT DESCRIPTION

Rofer to DATASET TESTOO1.

IPATA These quantities identify the DATASET. They can be left
KDAA Jblank if desired.

CARD 2 blank

CARD 3 (12)

NCAL Number of the group of data within the DATASET.

CARD 4 (40A4) (2 cards)

NAME This heading identifies the output. Any alphameric
character can be used.

CARP 5 (412)

C Th~ se qu ant i ties contr ol the i nput and out put oper ati-
hAMA ons of PRG2 and PRG3. Their mneani ng is expl ained in
I .N -Z the comment cards with inr the proqjrams. Note thait if 130

I P i sput equalI to I for al I I qroups of data the proqira;,-s
ruin properlIy but for tho~t they recompute matr ices whose
ele ments have st i I I valIi d valu kes.

CARP 6 (5,12)

% SzPH Number of the spheres in the cluster.
L ' 1 0 LM+l
I HELP He I I city of the i nc i dent p I anu wave. Use +1 for right

heI i c ity and -1 f or l eft helI i c ity.
I EXP This quantity was originally introduced to control the

convergency of the multipolar expansions.
Set it toO0.
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VS FL;:TRAN DATE 1984 NL4V 0-3 TI;.E 10 00 48

,CLI.T MAP NCXREF ;CST'OT NCUECK SOURCE TERM C3JECT FIXED NCTE--

&.'T(3) LAINGLVL(U66 NCFIPS FLA,(i NAMEIMAIN J LINECCUNT(85)

A I AF,-r L , Trl , ,L vPC S...

I ?PL I C .I T AL* i ( ,-I-, C-F )'.

L I Y L ~ L

,..L 1'L :/_j,.'1/ RX.,C(),-YY(3),,-Z1(3) , S( ii,CRI(3), ..-
LdJr {27J;,/Yh( 2 ,fl ,l)i ,VYJ(2s,3) "
:, 1 ,J , .-J:..."Jz c~,2

. , - I ,A'F , ",' .5,A.jE.C ,S""

4I,,o -6 1r.6 12 5 O 1 43t)6/"
:L P=L ' ) PC LYL '(.L'AP)=( C.CJ,]XO O.2' )

i~L' I
2 1 tELP=-I

- Ir' L P
3l T: [, T +c T ji \

3. . C.] .

'LL (1k. )LX( , U T S ),",T *JSIP L P(, .A,",L, ) YCL 1

LT L L

LA ";' v
-_ ':~ I, =Cs , 2

-i L L r

!c; '-2 " , )

TL"

, - , , L ,• -iF L - :' T - }"' -"

J f= L < 1-2 P., -.U.-." L +11



AS FC4Tf£A' JTE 193 4 08 TIME 13 00 45

%,;LIST mA? NCXEF GCSTVT NC.JECK MCJRCE TER'4 C3JELT FIXED NCTE '

LPT(3) LANGLVL(66) NLi-I PS FLAGI) NAML(MAIN I LINECCUNT(85)

..,I', LTiE SZCT
(ILL 1E\P,VK,THK ,Pr-:(,VOJTN

I" LICI T , E.L 3(A- ,C-Z )
, / fjY 4 O/ X, (3 ,kYY (3) ,RZZ 3 3r LS( 3) ,CA3 P 1 3)

'C~ 2) ; dtYh({ 2'93), VJ( 27) , VYJ( 2s ,3

2,,' '[ , 3),-; .,3) ,I A S (2,2 , SAI (2,2),ot - , ), AP 114 -t ) , Av' (" 2 ', ) ,. a 7 (- 3 2 4 ,S 2- 4 N , A yE (4 1 SC 3

*~, - ' I L - '- r t , F S

I Z t

1L.. .7,. ,, LV. "/L'- V;2 , LN, N LOL Y LY ,,N\, N:, ; 1 A 'q SPhlL.\ IPC ,L YT Lm T P CS

L_ .-:L_ (t C LC Q,' / tbL.v, SLY,95SY SP ,SS-:- P, PH'AS

L~~~ L: ." ", . ,

J I . =[- .
Ti 32

2G c

,3 ~ ( [ l;_{ ', . c C  T; a.

L I , )
S- = CL , 1"

L

"1=-I-L-ILI I

L L i

I TL 7I,L I P.

"- L,- iL

V I .LCb ) ,.,'I TL i "

)LI T N v=C
-::L: L 4 v L'"

A I), ( , LI .VC..LTNJJ,) =.} . =

, 'PLIzL.,.dI)

I

iJ~ v-K ii ,L.""C.(Pr~

11- 0: J... t .,.T h 1, ;. i /'

I C

T I [

I , L



;3) VS FURTRAN DATE 1)84 NCV 08 T1IME 1C, 00 42

NGLIST M AD :IXREF ;LsrSMT NC9ECK SOURCE TERM CBJECT FIXEG NCTE..-I
Lar(oi LA'IGLVL(b6) NIt-IPS FLAG(H) NAME(MAIN J LINECLT(5)
91=..I........*. 2..... *....3 .... .. 9** 4 ...... 5 .... ..... * ........ *. ... "

3L 3. T I E S!4 A T

I ( Y3),VY)(RZ33)CVJ(23) ,VYJ)24 "3."
, It , 3) , ~(4"s, ) ,1 ' I. AS (,2 ) ,SAS (2,2) ,

:. -', 2) , I I't-,) ,+ r ( I Vt ,* YV.. ( 24 AE 11C 212 , S (24 , NAME (4 , LGu 3 J
S1 a Fv YJ , r t N S4 [ S A S t ' A L t

L "Pi uI lt , L r-( L Li, ,VCLl, L

CC" I L 0 1
If: *
,)'5 ' ,, .1 :L,NSH<
OC 3:' LI:I,LM

Lf: : I +L 1. ,,

5L 3C i I:1 LlTP"7:I = .I 1 + .I, .

I 1=1 1+1
t2 D

1) 1 ~ 1. 2I J I, L ""1/= +i "-

2(I L ,,* =

" L"T 1L

LL Ir L2 L

I

I + . , J L
.. .. . , ,,L2,-

L -:

. 1= , - I
C 1* •!, LI 4. L .  '

-, j l 1 ', ", t :.,'- r,"-i P

= I ! T1 Wie ",'; I .

T I

, T

• ; , ". 4



L9i 3 VS FCrTRAN UATE 1 64 NCV 08 TIME 10 00 39

N'LIST vAP NCXKEF (OJSTvT NCDECK SCdRCE TERM CBJECT FIXEC NCTE*.
L.T(O) LANGLVL(66) NCFIPS FLAGI) NAME(IMAIN ) L,EGu'JvTkd5)

3u37jLTINE CRCSSE

25CAS'CPS.SE-C r TLAT SEC, VCL TA-
I J-LI([ T PEAL 1(4-r*-.-CCA ' /J,40/ RAA[ }Y(3]Yl 3) /ZL(3i v CS(-3} ,CR| (3},-r-

2 4,l. 3) S,( A 1 3 S I T) S{ 2A -S-
2 ,L 4, 2 , A I (1-44) ,AF(14't),4A Y"C( 24) A-- 13 i' 24) 5 24 , NA POE #,J ,I-LG 3)

UfC"G'LX*.1. CR.I ,VhVYI",VYJI .MSU,[SASIA,,

A~~ I , AF AA"1 ,E 1c , s
Au W" 1 './.TCCV/LFL , Lt,.L ' 

YNLVv tN tNM, NJ I. Y ,SPHt L,LMTP%, LVT v LM TPL S
# ,V# N A XStN 0A:

',VtLEA*Lb LIPvGLPAt',AEGI P1L2Sb,,S. ECC0,CCCNUF2T

CC,= :( . L,',C. C-10
L, = . 51 ( v ( #, i

-C6' =- 1 "• ,. . ,.¢) .5*CK/''# I

IF IHEL .Ef.-1) I C T C 10IS =
j.- =2 -

i -=2
V 1A=2

12 11=Z
LI=1LY

L TPCLLI*Li+i""
'I=-LI-I"_- i'I=,LITPC'"

!! + i . -

i 2 =-

L~ 14 21

L 5 1 2.2= 1L .'r.
1 L21,L -L

L, : -L 1 2 t"--

S I2=1 L2,

' i-(I2) .:

A F I Y
I ' ~I ,I{ L L ,. ,L2 , T2 :

i- ,. r:S I, .. ,' *,LtAL*C,

3 L L1 I L T A:I,;, t--,

i i J ., iA.L .C T -f T A L_7

I L X. =,i< A "A *( i\v'"
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1I0AY 1',i3l VS FLRT.RAN UATE 1984 NOV C.S TIM E 10 00 51

-E~~T N-CLIST 'AAP 1iOXREF "OSTMT NCOECK SOURCE TERM OBJECT FIXED NGTE.-
*LPT(3) LA;iGLVL(bb) NCF-[PS FLAZ;U) N'AYE(MAIN~ LINECGUNT(b5)

I SL3R3jLTIE RSM
I fLV Pf'NGR'jAvVK ,JLL)

.2 ~ IYPL1CIT L.AL*8(A-H,C-L)
3 C c"4c\/L J I RxX(3)pRYY( 3hv-'ZZ(3),'CS(3) ,CR[(3),

1 H2 1tv Yr Z 42 1 vJ (2 7,V Y 24,3
2 R 1('3 X ( 4 93,T SAS(2 2),SA4C22)

ALPLEiX41t Ct'I PV ,V~ti,VYJ,2ISy~ v rSAS SAL,

-_6 C~ C'rPL L-A 41 cL CJ CR I I, V&NCCFJ ,A ,tC 0,
7 L' L PC- 1

c IC CG I I + I~i
It IF 113I ~T I) GO T L
2 Il' I =I A: -I

5 5 2(LI LLIC)
5 5 S"-- r )JS-l tICG

2~ 2.~L 0

7 K f.(TN

7 C LL C3 i (V K pL PCjCL,Fj'JtI)

1 f.JU I FLj(1J)

J L -# P.
F * LF *()LF( J-)

1- -(L R L* v (tL J I I

&J( ))S

L L ) K vL CF
I~~~~~~~~-= LL, ) PI.J/(. +C .AJLC*J/C-.

0



('AY 9i VS FURIRAN J.ATE 1984 NLV 083 TIME LO OC 53

EFcT N.3L IST MAP NCX<REF -CSTMT -NCJ-ELK SURC E TE RA CLOJECT FIXEC NCGTE.
L;'T (0) L ANGL 4 L bC) Ncf-I I p FAG( I NA EI RA IN h LINECLuNT185)

SLI; ..urINE A'UAII

I IA I JCKJ13CV%
11 E\$J~iYLv'(cl) ,FJ(IC0) ,FN(3)

-A-PLEX*1u YL."0

i L7 ) , 4Ynl( 4 3) vi (2 7) 9 v yj 2.3)

1, I I A F~ 1, "1 , C mn rN 5

AIFCJ . 4Ci F2 NC I5

IF L L: ., .' i' )C C 1

LT~ L LFC CU-

T P.-, L Ali'u +I "PC

6 L=LU L ATL Y R C

T L L tLC

T. I A,4F C 1 -

F-

1~ iLF

LP

I .I.~iLY.V F AL T L Ly

I i(ETu,

t-3 FF+NS
A= . (N ) -X X i I",)

-I.'e I Y rN

I 'i T ~ s C JN 15 YL V 1 4)
IY-1 Y+ ~pu

* ~ ~~~ -L P~'1 L",

L L L TF , F~ (IV

TI

3v,
* kd y

IF J) ,. .G
*~~ TC 50( r



1-AY i';d3) VS FCRTRAN CAIE 1984 NCV 08 TIME 10 OC 53

cc - IV:1,LPTPCS6 I: IV+IVY -
43 4'yJ ( 1 4 T)=JCC NJ3 ( YL 'IV )

CALL 13F(ARGLMTJCK,FJ,IIR)IF I II A I ) ST LP ,,
C, L 45 1 ,L l TPC.. 3 L I'T=1lV, I1sh3".'

4 45 wJ(LsT)=FJ(IV)
57 IvY=IvY+L;T IPCS

i 55 I'.3=Iv.+LvTPC
r% ET

3 k_.

° 
.o



[MY1 33) VS FLRTr-iAN J ATI b1'd4 NGv 08 TI11E 10 00 57

*MFFECT \CLIST AAP NCXtkEF GCSTVT NODECK SOURCE TERM4 C3JECT FIAEO NCTE...

uT('O) LANGL VL 6b) NO I PS FLA'kil) NA ME (.4iA1 N L L1 AE LUUN T (dc5

CC ItILEX FJ-CT1CN uh*l(N~L-L#,jml@L2q!Q)
2 1'PL1CiT ACAL*31A-h,9C-Z)
-3. 43JJU1/ A 31 ,RYY (3)t, iZ (3) ,k2S (3) ,LR 1(3) ,

LIH 27) ,~v oi(23)#4'J(27) ,VYJ(2-t3)

t; i.!A 4h /1 N T v/ L 4 ULiL P P.L Y N Lv r % N ND 1 .1NS P H, L M T PCL M TL 4TP CS.

6 C !i)LLX*1L' CSL1
1 C(;CCFiUN

3 14r PL L2+2
CC <=S4N J T ( k?

.3 ~ :V~ LT2 1 r 2 2NE IS ..
T )J G

.3'~'L " =-',L- L
2 '3 -4 L Y ~LTP

.1 -1 iJq 3

3U Aj f 'Aj

*I. 1. 5)

I L~ II)II'- d

L> 3- L ILL,2-, P2.

-, ~ .4 Lr 2'N:L'A~

i~(-iV LT-L3.GA.-llvY'2. 'T.L3) -L T 4J'

Y L 3,.? .I + L I + 'AC2
L +~ L) T

i C -,+-.-,

A .t

,~- ~ J

+*



UA s,3VSFGRTRAN DATE 1984 NGV 0a TIME 13 00 59

EFFECT 11i I ST MAP' NLJXREF jCST!MT NC.3ECK SOURCE T E RM Ct3JECT FIXED NCTJ
CRTU) LANLYL(ot) KCI-IPS FLAGMI NAME(MAIN )L[NECCJNI(65)

I. CCIPLEx F6.ACTIOli 3K*16(N3LL1,-'1,L2p42)
2 IM"LICI FFAL*dt(- .L-Z)
3 CC' L'i/ L 4/ ~xA ( 3)RY (3 ) L (3,A C S (31 CR 1(3 J

IVH (27),'dY-i(243),wVJ(27)IVYJ('t3)

LLC>'-A*lo C '[,-V,vYHVYJk'ISYTSAS,PC,

5 C C I 4Ji/ 1. JL LM/L.4- ,Lt 'NLM pNLN , NN, fNJ I MNSh iLM 7?G LMT ,L.ITPCS p
IZ1s Ajl- I "'A A I>' %x s N' I ilxt

6 ~C~lPLE,-*tl6 CCvCSM,tCCC,CCItCFUN
7 JATA RIt/ 12 .5163 V143 56/

S CCAU. ' C ',CJ0)

.1Li 1 L 3 I CD I

.4 LIAAXu-L-+L

3~ S,:I~' T J(6,1CCI

I (NL . L I GC TC 2 2

2 L' N L- I

7 Y .3L 4L,MT 0C
LV J"' 1,3

I'- L Ji -

IF 1- L.> LT *L1 1 f ., L I-A k t PA,v P2 LI T-L2 .CRm J P Y 2.T L 2
.T.

=C : I L. 1 1' -jP'

L L T-i
1j '2 =,"' J'

I1 14- 1j .LT.L 3 L: v i V 2.T L 3 CJ Tfl) 4 0
- Y L *L + L T + 1A2

-. ~ ~ H. +u 'L 1~L3,O%

-. \3Y=V! f +N?

2IF(I L 3 2.,E.O CkKjN=-CiU\N
4- J jU N.'LI

4i CC -A = J
I Aj L) O5 u'lSL

7~ ~ 4 << (



AY 13)VS I-J.4TR.VN OAT E 1984 NLV J8 TIM4E 10 01 02

E CT ~C LI' T T A? %CAP.EF ;USTMT NCJ)ECK SO.URCE TERM CaJECT FIXEG NCTE~
LOT(OYJ LAN6LVL(t(e) F1S FLA ;([) NAME(I4ALN )LII4ECCUNT(65)C

LC>IPLEA FuNLTO. JMj N1L,1,2N2
I '2L ICIT R -EAL*o LA-1C-Z

1 v" 2 1, ) V Yti 4",3) , J 2 7~ 122 ,SA (,24 3

'. -*#2) v,%I 1.s'.) ,Ai( 144) ,AJ110(24) #A~li'(2's vS(24) #NAME(43) ,IGG(3)

CL, !'LE,(*16 CSUA,CLfCCFt.A
'.5TA I -t/ 12.*5637Cc 1435o/

L 0'~ 1+1

4,A I=L2+L IPG

1 F (L 2 T .L1.AV). YLLj(L I N P C92 ELIJ. I IN-I SN

J % 1 L v T P

ji A- .i 7 1 -

LT-
r~ . L? T2.L-L 3.Ck.M."M2.2T.L3) 50 TC 't.L.2C,.P .GL)

~.3L 1L,Li,L3 ,C, ,C I2'v

.i L\ 4- LN- dJ" (Nc~+T PVY f: p24N L ivi0 P/~ L 2

CA , J .'-

I F 12 . LJ).-L C T L 3C S 4M

C ,,3 I L '3L #

I- +L- .



19i31 VS FORTRAN OAIE 1934 NCV Od TIME 10 al 05

T %.:LAST MAP tN0AREF GUSTMT NCDEGK sOUKCE TERM LBJE~LT i-IAED NCTESI
*.?TtJl LANJGLVLU66) NGFIPS FLAGMI NAIVE1MAIN )LIN NLUNT(85) C F

CE iPLEA Fl."iCT ION -AP*l(f (NIP LIPMlL2t142)

1'- V7),VYH,(24j)),J27),VYJ(243)

12 4 ~2 J v A 1 14A F(1144 ) PA MYC( 2's ,A EMC (24iS 2 4 ,NA, E (4 i ,IC G 3)

-A'EA1 C~.ACSL~vCLC0CCiCt i

L C C .

I(AAA NI)E .CUCCA No .RY Y INI )E .CC .A\Ri-LN I E ; C0 )RETURN
C C !=( 0. ,L,, CI. c uc

LI + 1~s

L )4AP3LL1A) L+1C*(cL+)LP

T 1 L 2 .T LI.1 CV . '-LC ( L I NPC 2J.L.. C I SN=- ISN

5 JY~lt3

L I5 L LLLP1 4 v

2I . L I L 3 C , . I v -7 1 .2 C T t

I- L

L, L~ 2

5~ L~Uu

T-N



f li3 VS FOR~TRAN VATE 1984 NUv 08 TIME 10 01 07

'T NOLIST 4'AP NOXREF GOSIMT NOJECK SOURCE TEk~l GdJECT FIXED NGTESZ-'>
~,.rT(0) LAINGL4dL(66) NUFIPS FLAGMI NAEMAIN )LINELCUNT(65)

CC~IPLE.( E-U'CT IrN GIP*1b(LlMLN2tL29M2J
1L1-LIL1IT m'aEL2(4-t1C-Z)

C':'LEX*IL. (SUVLCCCFLIN
-) TA Pl4/i2.:%ct31:Ot_435b/

L I (XLJZO3

L L.L + LIP

L i 4; (L+ L iPL L2+2

I F {L T .L .,*;No'. YCJ C LV IN PC t2) .E;4'C I S =ISN

Y, L vT-PCi

L C1

.1 2

I ... L T LL 1,.C ~1 T.LI :U T.1.C),P .GTi

L r ' I N L , L M A1< ptu , 2 , 2

Ti

I L~J2.L.-L~Cr.I.A2~T.Ll .ji TC 40Z
y L 3:; L3 +LT +uI v'2

L =L3*LT

*4L CL ?Ll,L3,Uv2,%vPMv>_I

It(CL 3 2 ) .N. cfuN=-Lf UN
J= Su'AtCFL\

4 J 3) =-J~~

I p c

z r



1933) 5 FCITkAN CATE 19'4 NOv 38 TIME 10 01 10

NJLIST MAP NCXREF GCSTMT Ni JEi( StjuRCE TERMI C8JECT FIAEG NUlL'.
OPT(O) LANGLVL(tjb) NCFIPS FLAG(I NAMIMAIN ) LINECOLNI(o5)

CC-APLEX FuNCTICN GLP*lt(LI, M1.N2 ,L2,M2)
1'PLILI T PEAL*:3(A-F-,C-Z)

2 JH (27)1YH(4#3),*J(2AVYJ2,S3)2,

tCIPLEX*ic L1 9 ,-V Y-vYFV YJik S', 9T SA StSAL r

C. C "L E < LLP ,C S_%'iCC0,tCC IC,FJN

.JL P=CO

L 13 =L I~ I

LI 2 J A.3 t2C I. S) I
%," A C N 2+ I
6C J 2 " ,- - TCCI

L S~= J:'
311 uL +.".0 1)*N *C [N -I

T~ A. 5~~ PC
!=L IJv1jC,3 irY

4, 2

L C LLL .IvIr.

~~i- J ( L L LI... A.> OT ) -C I-- L J
- L , L 1C L 2 2-! 1 4'

LL S S L I CC ,~P -, V2

L ~L P Lr



33) Y'S FURki<AN DATE 1984 NGV 08 TIME 10 01 12
'1GLIST MAP Ni3XREF GCSTAT NOJECK SOURCE TER~M CdJELT FIXED NOTES-
,;T(O) LANGLVL(66) NJFIPS FLAG(I) NAIML&4AIN )LINECOULNho5)

I I ' I uT .'i2) G T L C
N F ='

T 3.

I F S C

I I S E I LZ = N L



33) 'VS FORTRAN JATE 1984 NOV 08 T IME 10 31 13

J I S T MAP NGAREF CGSIIwT NCDECK SOURCE T ERM CBJECT FIXEC NG TE
fPT(O) LANGL'dL(66) NuUP FLAG(1) NAI'E(MAIN J LINELCNT(65)C.

RE-AL FL;%CTICN CLGC*82 jAljd~,JCqMA.mdf'C)
11PIL I! I EAL*9 (A-H, C-

C::4 C '/2~ z/FAC C(40) iF N Mt 15)
I FtI '44-JA ) 4s 4 t3
CL &=:. CGC

L
2135

1F 3A a. 7,

Tc 3 j

I F (I" JO)12 ,12 911
L L ' C -'. C'2)

L ..

, T it)

jJJ J+Jo;-JL+l

J =J J L .~

J4J' . *J + 2
j + IJ9.

JJ1 - \*.

ij

i'-JJ17 )i -I14

j j JJ' 7.I I 1 L;2 1
I- j L J; i 5-. i 3 2 7t
.'. J P- 2 3e.

tF 12 JJI-JJ 2 22 2c

I
1

T~1 LJJ I L JJ 2*I'L CJJ1

41 J J 1 C-. -J JK I~ F I

IF ( -~2' ,3+
I +.
Y= ;Y.

L; 2JU#



~3V S FGRTRAN LUATE 19834 NCV U~ TIME 10 01 13

S,.JA 2=FACTC (JJ'.)
S-jA 3=FACrO (JJ51*F-ACrC (JJ6)*FACTC (JJ7)

14#4CTL; (JJfl*FAC~TC (JJr7)vFAL.TC (JJ0)
Sk*.JA Lt=S.UA 1*S*LA 3/S,..JA 2
.t- SiT . A 4

1 U 4



3)Sw FURTRAN LDATE 1964s NC4 08 TI Mi:. 10 01 16
V" L IST YAP~ NCXREF GuSIMI N 0 JiE %.K S UURLE T E W C3JECT FIXEC NC T E'

U'OT(O) LAN'GLVLtL) N .A-1PS FLA'G I) NAME(MAIIN LPNELLUtNTi85)

IT['E RdF(xN' 1 JCKFJ#I IR)
.2I '-LIE L~ I TN A- L (i C0

I L =

TJ 14

.. ALTAS2.

F L~ T A

. . 17

+ I~ -F J

CT

f J /X,!,I

j j

j
T ) 12



LIST 'AAP NCX;EF ckiST"4T NCOEC'K SGURCE TERM~ G3JECT FIXEC NCTES
2PTIJJ LA*N4fGLVLtt6) rCFIPS FLAGMI NAMEU4AIN L IEAUN(5

I .UIN7 kNF( X LFN)
IL iCI ~EAL* 3 Azi -

14E' "1'SI F N;
F- (ALT.C' .2&3 .LR. L.LT.CO R ILRtN

=L + I

F I L iL1 f9 L

~ L S('J1

I I T J'- F
T L
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.C (MAY 133) VS FCUTRAN 5ATE 1984 NCV 08 TIME 1C 1 19

• *.:roCT .- LIST MAP tCXREF GLSIMT NCDCC SOJRCE TEI .M GBJECT FIX[. r,-v
-AT(C, LAiCLLLA6) NLFIFS FL,(l) NAMEIMAIN J LINELCUNT(b5iJ

P S:F..T ,L CFF(X,,,JL,,fJ, k)
2 FI, L"I1T LILi(-,C)
3 1 S-', ICN F JI . ..
4 C l ;LCX1l FJX,AXjAXXAt,)tSERCCN,CCN1

~~Y =,..3 "33 A.) -

iJ( I

1IF 1. , 1, 1i
1'14

2 1 f 'L. -Fo f. Y+1 5 5,"17'

i ? (2 -TST I ,L ,I4.-"

['-,~ ~ ,., I - I

"2 1 ' I I , =

-" . 1 3 13 , .3

IA7 3 1 5 , 2 2'4

- ? ,2 - T Tsl1'=ii

1- L T 2

I- tL A X 1-

2 7 J .L )5,5,

L3 k

.. i f- '-= - i SL.
I i j. ITCI-N

L 1 4C - L
1 + 1+

2.J( .=F J J .J /"J -"3

q .. , g- T " 3*. I.-o

-.--, ~ ~ ~ ,- 92 2' .J l.X '''

t!i
.4 JJ i

54 ,, T - 31i
.i 27 5,1\i (A J )/L

5o * J 1) F { I/ ,

5L r',X-FJ( ?}/(SEF,/A-(.CLLS(X)) ,. _'

* ' 3 J J =2 "- "
b 31 3"'.:, J*=JO.

,: ,-)2', I'J{j)=FJ(J)*1I.CL-.3""
. ,. . , T , 22 :.:



.44Y 19d3i VS FCRHAN DATE 1984 NCV Ca TIME 10 01 21

FECT NOLIST MAP NOXREF GCSTMT NCDECK SOURCE TERM CBJECT FIXED NOTES"
OPTt)) LANGLVL(6.6) N6FIPS FLAG(I NAPE(MAIN )LINELCUNT(85)C

SIAOUTNE L~L~ (,,1, RCJHtSTH#CPHSPH)
[A-IL1C.IT REAL#*3tA-H-L

* P -Cx*X+Y*Y
IF(krC.;T.J.0C&O) GC TL 1C
CPH= 1.30C

IF(R.3I.C.OCC) GC 1C 15
C TH =I . :D c
STr=2- .30JO
R E T .; .,

10 3 S T ( rC .3*+
L Li ATI(AHC

15 y R H i/R



(AMAY 11963) V~S FURTRAN UATE 1984 NGV J8 TIME 13 01 22

:-.FFECT NCLIST MA NCAREF GCSTMT NCJ)ECK SOURCE TER~M CBJECT FIXEC NCTE,.'
* UPT(O) LAN'GLVL(66) NGFIPS FLAG(1 NA!'E(MAIN )LINECUUNT(851

SL,.3AOUTINE SPHAR
I. (CC 4 tTH SINRTHCCSRPhSIN4'HtLMPCYLJRS)
I'-PLICIjT :)EAL*8(A-Hc-ZJ
J1'lE.,.SILi 'IINR.MFP(9) CCSRPPflP'L-*RS(s5) YLJRS(di)

CF iiLEA*1j YLJRS

IC F ( 11. 20l 3ti7

2;C 7 J=3,LV1PC
K=J-1
SI J4ri( J)=Sli NH*0CLSka"P(N,) CC RPh*S1\RMP (K)

I F 1K)

* 12 L4fLL*l/+
.3 L3

22~
* J .

Sti J i= )*C ~A IC(1\I J/( IA'VE*FA'CT(J( IE.)*FACFL 1c(;)
*~ 1, 1F C-L v L16

i .7 L ,L+ I /

- ~*L + I

I C iL 2 1 2 2 p 2

21 L fL I.

L

?1 i L L ) 21,22

TQ

22 L1

L - 12 ,L,



.IMAY 19'3) VS FCfRTRA.N DAhTE 1964 NCV 08 TIME 10 01 22 >

6LMRS(J)=U3*X*PLJRS(J)-C*PLMRS(w) )/A
IF(L-LMJ)3C,31931

30 L=L+l
j UL TC 29

31 L=3
32 J=(L*(LtI))/2+2

3=2*L-1
C=L.
K=J- '1.

IF (L-LY 3-ig3it,34
33 L=L+1

L C 1 32

35 .4 =1
LAVE=(L*(L,1) 1/Z41

.=J -1I

? L', t J PU4t, I- K P *PLkS( NJ
37 =1 +

L L+ 1

4 I .' T1, I

*.c,~~~ :-,AL/+ I
41 LJ A ,4 f 4< 4t 3A 4 ~ j

Y L i LL xiPL
-,-

o~' r.

+~-J I
I Ld~J 1

i V L;, L L Sk P IN 'A VP YA

48 L =L +I
Z~ T - 4

T I
*~~~ I1, .<I J



~ Y1V3 S FCRTRAN IJATE 1984 NCV 08 TIME 10 01 26

FkCT NCLISr MAP NCXREF GCSTIMT NOCECK SOURCE TERM C8JECT FIXEC NOTEST.".
UPIT(2) LA?4GLVL(66) N0FIPS FLAGMI NAME(MAIN )LINELUUtNT(85) C

* SUdRO'LTINE CSMYNV(AM:VNOCUlST ,NPCD~ElvcuT)

CC IPLEX*1b At4 OET9CLL'.C1EMPqC[JCT
;AfA CC.NST/3.5527136738.)C5D- 17/
IEk=3

* PIEST = (4.0LC*CCNST*r\J**2I 12-j lF('1'oE.1) GOC TC 13CC
OLT=44(1,#1)
IF( t)A6S( "'iEA-L(DUET))+L'AES(LI'YAG(U;ET)) .EQ. Oo'VLO) GG TG 5200
.%V(191) = (1.cCqCC.CCC)/GET
riETLJNN

Sr= SUM +DALW,(L1J))**2 IAGA(J)*21
132 1, 139 IN u

* JtT 1.CJO
L C'21; K1I,t

.'?LUS=K+ 1

232i I=KliN
TL = -OT A (I K) Av'(1 1 tAY IK) ,INU~,I9NDMST)

S V (I)*t0k A L (C T E:4 P 2 + tI A G L T E MP J2 J

- ~ ~ ~ G TL (L..< GLTOU

I 2>t'? S (LJ A=) SC3
TL

2-4,; J. :E.)JT=S.(TLN)cE

F(?P...AX.LE.OTEST) 6C TL 5202 -

($. 3 L.3.~T. SL3 TO 2C1';
LV ' 'l; J=-It)LL%

2 k..' V1T )

119~T ... LL

V21 3 T21

411 ' iT I -LL7

I I Jt L~K) 6Cu T412

.9 43[:' L =IN
*~ ~ LTEbL'+ ( L



4AY 11 63) VS FCRTRAN CATE 1984 NOV 08 TIME 1C CI 26

AW( I KCCL)=CIEMP
431' C C TINUE
43> %.CT[NUE

Gu TC 6000

52 1E R = 1

E -. '4.~,

Di.. o2bO I = IK
62tJ J =1 N

A'-<=3'EAL (JET)

IF( A.KE,.C.. 04 Gi~T.Y,:JT) GL TL 6250

lCjT= !CuT* I
e22 1( A AI .L,4C J. .2ftS (A I GT.v(;UT) GC TC 6255

-%t I =c
I~T= I C ,T +1

o25i 4J4I,J)DCvPLX(AvR,AlMI)
6 e ~TI u E

T



'44Y W~l3) E~<TA J.ATE L934 'tV id I I 4E I) 11 3.

'C'C '.L IST VA?) .C<kF .CSTYT NCJLC,,( S FRC L TLkv' CdJECT FIAEO NSC TE

P T ( D L.4NCALvLcb) NCWIPS FLAJ(L) NAiV(YALN L IlN E 1 -3 r5)

OP'EI JNCT~ C: TI1b Z~.N I ST EP J

STL

3 T
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OUTPUT DESCRIPTION

In this section we give the meaning of the output

quantities of all the programs.

When IWCSS=1 the programs write the cross sections of each one

of the spheres in the cluster:

SAEC1 Scattering, absorption and total cross section for the

T.TSEC spheres in the cluster, respectively.

)SCAS ) Ratio between the scattering, absorption and total
QAPSS cross section, respectively, and the geometrical cross
QTOTSI section of the spheres.

The some quantities are written for the cluster as a whole, so

t hi t:
SCASEC )1

ABSSEC Scattering, absorption and total cross section, respe-TTSEC ctively, for the cluster.

Q.ZCAS) Ratio between the scattering, absorption and total
QA$1PS cross section of the cluster, and the sum of the geo-
QT0TS metrical cross section of the constituent spheres,

respecti vely.

Furtlhermore the programs write the following informations rela-

ti e to the cluster as a whole:

S,'ARATI Ratio between the cross sections of the cluster and

AF-zRAT the Sum of the corresponding cross sections of the .

,T T constituent sphLres calculated according to thu Ml"

theory.

The last information written by the programs is marked 11 and

21 if IHELP--+I, and 22, 12 if IHELP=-1.

11 is the 11 component of the normalized forward scattering

cross section of the cluster, while 21 is the 21 component of

.-A>



the same quantity. Analogous meaning have the quantities mar-

ked 22 and 12.

Furthermore, 11 also marks the quantities

Re f 11)(cluster) Im fm,(cluster)
-- and i.

Re f1  (spheres) Imf (spheres)

ill'i

According to ref.(5 ) these quantties are related to the ma-
croscopic optical constants of an assembly of clusters with low

density.

.1

•.-I



TABLE I

Number of the elements of the T-matrix (EN) for a

cluster of N spheres with a given L The actual memory requi-

reients for this matrix is obtained by multiplying EN by 16.

The asterisk marks the entries corresponding to clusters that

can be handled by PRG2. All the other entries correspond to

clusters that must be handled by PRG3. The maximum capabi lity

of PRG3 is a cluster of 70 spheres with LM=I. This requires to

bindle a T-matrix with 176400 elements. The total memory requi

rement of the program is of 4 Mbyte.,.

N L EN

4 3 14.400

4 36.S64
5 78.400
6 147.456

5 5 3 22.500
4 57.600

5 122.500

6 2 0.216

3 32. 400
4 S2.044

5 122.400

7 212.544
3 44.100

4 112.SQ6

8 2 16.3'4
3 57.600
4 147.456

*.1}
-J %
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